| INTRODUC TI ON
Participation in physical activities among people with haemophilia is complicated by specific risks for bleeding, especially in the muscles or joints, 1,2 and may be difficult for individuals with haemophiliarelated functional limitations or significant pain. 3 For these reasons, people with haemophilia have historically been advised to avoid physical activity, and until the early 1970s, were generally recommended to adopt a minimally active lifestyle. 4, 5 However, more recent improvements in factor replacement therapy and the generation of evidence regarding the benefits of physical activity among people with haemophilia have dramatically reversed these guidelines. Individuals with haemophilia are now recommended to engage in physical activity to improve physical fitness and promote normal neuromuscular and bone development. 1 General benefits of physical activity include improvements in strength, flexibility and self-image, and decreased risk for several diseases, such as diabetes, obesity and cardiovascular disease. 3, 6, 7 Additionally, for people with haemophilia, regular participation in activity may prevent or reverse disease-related losses in bone density or body coordination, and may decrease the risk for spontaneous joint bleeding. 1, 8, 9 To safely participate in physical activities, people with haemophilia should consider the inherent risk for injury in different activities (high-contact or high-velocity sports such as rugby and motocross racing are generally not recommended), their individual physical ability and condition, treatment accommodations, and use of safety equipment, as well as individual preferences for or interest in specific activities. 1, 8 Individuals with haemophilia are recommended to consult with physical therapists (PTs) or other specialist health care professionals with experience in managing people with haemophilia before engaging in new activities, to discuss appropriateness of the activity, specific risks and how risk can be prevented or minimized. However, limited evidence supports the assessment of specific activity-associated risks for people with haemophilia,
and not all treatment centres may have experience with or detailed knowledge regarding the risks associated with every sport or activity. Furthermore, existing consumer materials tend to describe types of risk generically and provide only a single activity-specific risk score, based on the input of a few PT authors. 8 These materials therefore provide limited value to patients and health care professionals who seek to understand the specific risks associated with certain activities and how risks can be minimized.
The Activity-Intensity-Risk (AIR) study was designed to improve our understanding of activity-specific risks for people with haemophilia and to define inherent and modifiable risk drivers, based on the consensus of expert PTs. The study consisted of a survey administered to peer-nominated PTs in the US haemophilia treatment centre (HTC) network and a live consensus meeting to explore these initial findings in more detail. Additionally, a multi-specialist focus group (including physicians, registered nurses, nurse practitioners, PTs and social workers with experience in the field of haemophilia) was held to evaluate how these results may be used in communicating with patients and their families. Here, we describe these findings specific to 101 distinct sports and recreational activities and aim to provide a framework for understanding activity-specific risks for people with haemophilia and to what extent these risks can be modified.
| MATERIAL S AND ME THODS

| Survey
A survey on risks for injury associated with 101 sports, recreational and other physically intensive activities was administered to peer-nominated PTs in the US HTC network. Position-specific assessments were made for some team sports; for example, baseball pitcher, catcher and field position were scored separately. In addition, sports with distinctly different participation levels were evaluated separately (eg, flag vs tackle football, boys vs girls lacrosse, Frisbee vs ultimate Frisbee).
For each sport or activity, respondents provided a minimum and maximum bleed risk assessment on a 5-point scale (low = 1; high = 5)
or indicated "NE" (not evaluable) if they lacked sufficient experience with the activity to provide a risk rating. For minimum vs maximum assessment of risk for each activity, PTs considered, for example, risk 
| Consensus meeting
A full-day consensus meeting was held to further explore free-text comments and identify risk drivers from the survey. Participants identified various risk drivers, and for each activity, they categorized drivers as inherent or modifiable and as activity-driven or patient-driven.
| Statistical analysis
Survey responses are reported as means, medians, interquartile ranges, and minimum/maximum responses, or as percentages of responding PTs, as indicated. Risk drivers are reported based on consensus opinions of PTs present at the live consensus meeting. 
| RE SULTS
| Respondent demographics
or worked nearly full-time in an HTC (potentially seeing some non-HTC patients; 41%), and 94% worked in a comprehensive care clinic (6% worked only as an inpatient or outpatient PT). Eight PTs who responded to the survey also participated in the live consensus meeting.
| Ranges of risk
Physical therapist evaluation of minimum and maximum bleeding risk for each activity is shown in Table 2 . Overall, few activities had a wide range of risk assessments encompassing both the lower (1) and upper (5) catcher, 3/4; other, 2/3). Similarly, differences in median minimum/ maximum bleed risk ratings were seen between different football participation levels (flag football, 2/4; tackle football, 5/5).
| Specific risks
For each activity, most respondents indicated at least one specific risk (ie, bleeding in a specific joint, bruising, or muscle or head bleeding) ( Table 3 ). Most activities were associated with bleeding risks in multiple joints, although some activities were highly specific for certain joints. For example, in the case of archery, high numbers of participants reported specific risks for the shoulders (86%), elbows (93%) and wrists (64%), although none indicated specific risks in the hips, knees or ankles. Percentages of PTs indicating a specific risk for bruising varied among activities and ranged from 0% (eg, yoga)
to 100% (eg, wrestling); indications for a specific risk for head injury also ranged from 0% (eg, bowling) to 100% (eg, skateboarding).
Nearly all activities were indicated as conferring a specific risk for muscle bleeding by a majority of participants, with ratings ranging from 33% (walking) to 100% (eg, bicycling). Activities associated with the greatest and least specific risks for each joint and type of bleeding are listed in Tables 4 and 5 .
Percentages of PTs reporting specific risks varied across position and participation levels for activities in which position/participationlevel data were collected. For example, in the context of baseball, although specific risks for shoulder and elbow bleeding were identified by majorities of participants for all three positions (pitcher, catcher and "other"; range, 82%-100%), indications of risk for wrist bleeding were substantially higher for pitchers (76%) compared with catchers (47%) and "others" (40%), and risk of knee bleeding was substantially higher for catchers (100%) compared with pitchers (35%) and "others" (53%) (Figure 2A) . Similarly, when comparing soccer goalie to soccer "other," high numbers of PTs reported specific risks in the knees (88% vs 100%) and ankles (94% vs 100%); however, soccer goalie was associated with substantially greater reports of specific risks in the shoulders (63% vs 6%), elbows (56% vs 6%) and wrists (63% vs 0%) ( Figure 2B ). Additionally, when comparing flag football to tackle football, both activities were reported to confer a specific risk for ankle injury by 100% of respondents; however, for other joints assessed, greater numbers of respondents reported a specific risk for tackle vs flag football ( Figure 2C) . Furthermore, the numbers of respondents reporting bruising and muscle bleeding as specific risks were similar between flag and tackle football (bruising, 82% vs 94%; muscle bleeding, 88% vs 88%); however, more than twice as TA B L E 3 (Continued)
many PTs reported head injury as a specific risk for tackle football (100%) compared with flag football (41%).
| Risk drivers
Risk drivers identified at the consensus meeting were largely consistent with free-text comments in the survey. A total of 15 risk drivers were identified, and included the following: overuse/overtraining, repetitive motion, prolonged position, year-round activity, competitive vs recreational, tournament effect (or duration), body mechanics and training, body condition (fitness level), field or surface condition, impact with other players, impact with surface/ball/equipment, impact due to a fall or accident, use of safety equipment, risky tricks or stunts and haemophilia-specific injury risk (Table 6 ). Participants identified various risk drivers, and for each activity they categorized drivers as either inherent to the sport or modifiable and as either activity-driven or patient-driven. Drivers that were most frequently identified as inherent risks included impact with surface/ball/equipment and field or surface condition. Risk drivers that were most commonly identified as modifiable included body mechanics and training and overuse/overtraining. Drivers most commonly indicated as activity-driven included body mechanics and training and repetitive motion, and drivers most often indicated as patient-driven risks included overuse/overtraining, year-round activity and use of safety equipment.
| D ISCUSS I ON
Understanding the specific bleeding risks associated with participation in physical activities for people with haemophilia is critical in encouraging safe behaviour so that these individuals can achieve the numerous benefits of an active lifestyle. Through compilation of expert opinion from PTs experienced in haemophilia management, this report of the AIR study provides a comprehensive resource that individuals may use to inform and facilitate discussion regarding selection of appropriate activities and optimal risk management strategies. Unlike existing consumer materials, which provide only a single generic measure of risk for each activity, 8 results from the AIR survey demonstrated that most sports and recreational activities can be best described by a range of risk. This finding suggested the need for greater discussion regarding the factors that drive risk and inspired the convening of a multi-specialist focus group to define risk drivers and describe how they affect risk. We hope that these data will serve as a starting point for a more detailed discussion and Together these data provide broad-based insights into risks as- We have also compiled an activity-specific summary of all risk rating, specific risk, and risk driver data that individuals may use to Note. A, activity-driven; I, inherent; M, modifiable; P, patient-driven.
TA B L E 6 (Continued) evaluate activities of interest (Supplemental Appendix S3 -online only). We hope that this analysis and these resources will prove to be valuable to patients, family members, and health care professionals, and will help people with haemophilia to lead safe and active lives.
Key limitations of this analysis include the small number of participants, potential for recruitment bias and the reliance on expert opinion rather than objective patient data. Furthermore, whereas our findings and proposed discussion guides may be used to facilitate conversations between patients, family members and HTC staff, patients should be evaluated by medical staff on an individual basis to determine personal risks and risk management strategies. Future efforts to improve our understanding of specific risks associated with physical activities may include collection of detailed bleeding data in relation to intensity and specific action/movement associated with the bleed, the treatment regimen prescribed and administered, and the patient's underlying fitness and joint status. This may be accomplished through a bleeding disorder activity registry or prospective study.
| CON CLUS ION
This analysis of data from the AIR study presents activity-specific indications of risk ranges, joint-and bleed-type-specific risks, and risk drivers for 101 sports and recreational activities, based on the consensus opinions of experienced PTs from US HTCs. These data provide insights into how bleeding risks differ between physical activities and to what extent risk drivers can be modified to reduce the likelihood of bleeding, and may be a valuable resource to inform discussions between HTC staff, people with haemophilia, and their family members when considering participation in physical activity. 
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